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Objective: Readmission after a vascular surgery intervention is frequent, costly, and often considered preventable. Vascular
surgery outcomes have recently been scrutinized by Medicare because of the high rates of readmission. We determined
patient and clinical characteristics associated with readmission in a cohort of vascular surgery patients.
Methods: From 2009 to 2013, the medical records of all patients (n [ 2505) undergoing interventions by the vascular
surgery service at a single tertiary care institution were retrospectively reviewed. Sociodemographic and clinical charac-
teristics were examined for association with 30-day readmission to the same institution.
Results: The 30-day readmission rate to the same institution was 9.7 % (n [ 244). Procedures most likely to result in
readmission were below-knee (25%), foot (22%), and toe amputations (19%), as well as lower extremity revascularization
(22%). Patients covered by Medicaid (16.8%) and Medicare (10.0%) were most likely to be readmitted, followed by fee-
for-service (9.5%), self-pay (8.0%), and health maintenance organizations (5.5%; P < .05). Patients urgently admitted were
more likely to be readmitted (16.2%) than those electively admitted (9.1%; P < .01). Patient severity as rated using the All
Patient Reﬁned Diagnosis Related Groups software (3M Health Information Systems, Wallingford, Conn) predicted
readmission (16.2% high vs 6.2% low severity; P < .01). Initial length of stay was longer for readmitted than non-
readmitted patients (8.5 vs 6.1 days, respectively; P < .01). Intensive care unit admission during the initial hospitalization
was associated with higher readmission rates in univariable analysis (18.3% with vs 9.5% without intensive care unit stay;
P < .05). Discharge destination was also a strong predictor of readmission (rehabilitation, 19.2%; skilled nursing facility,
16.2%; home, 6.2%; P < .01). The effects of urgent admission, proximity to hospital, length of stay, lower extremity open
procedure or amputation, and discharge destination persisted in multivariable logistic regression (P < .05).
Conclusions: To reduce readmission rates effectively, institutions must identify high-risk patients. Efforts should focus on
subgroups undergoing selected interventions (amputations, lower extremity revascularization), those with urgent ad-
missions, and patients with extended hospital stays. Patients in need of postacute care upon discharge are especially prone
to readmission, requiring special attention to discharge planning and coordination of postdischarge care. By focusing on
subgroups at risk for readmission, preventative resources can be efﬁciently targeted. (J Vasc Surg 2014;59:1349-55.)Hospital readmission has become the focus of quality
improvement efforts owing to the added cost placed on
patients and the health care system. An estimated $17.4
billion per year was spent on readmissions for Medicare
patients during the last decade.1 The Patient Protection
and Affordable Care Act serves to address this issue with
the creation of the Hospital Readmission Reduction Pro-
gram. This policy mandates the Centers for Medicare and
Medicaid Services (CMS) to reduce payment to hospitals
with higher-than-expected 30-day readmission rates in spec-
iﬁed patient populations.1,2 The ﬁrst penalties took effect inthe Department of Surgery, University of Wisconsin Hospitals and
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://dx.doi.org/10.1016/j.jvs.2013.10.1032012 and were applied to hospitals with high readmission
rates for heart failure, acute myocardial infarction, and pneu-
monia.3 New measures have been formulated that will
expand these penalties to additional patient populations.
Vascular surgery may soon become a target for read-
mission penalties for two reasons. First, Jencks et al1 found
that vascular surgery patients have an overall 30-day read-
mission rate of 24.9%; only patients with congestive heart
failure and psychoses are readmitted more frequently. Sec-
ond, most vascular surgery readmissions are considered
preventable.4 To prevent readmissions, reduce health care
cost, and improve the quality of patient care, a better un-
derstanding is needed of the association between upstream
clinical factors and vascular surgery readmissions.
Existing literature on 30-day readmission rates after
vascular procedures is limited but has shown some associa-
tion with selected patient comorbidities, postoperative
complications, discharge to skilled nursing facility (SNF),
and prolonged length of stay.3,5-7 Brooke et al8 recently
synthesized this literature and recommend studying
vascular surgery readmissions as characterized by four
phases of care: (1) patient, procedural, and structural char-
acteristics, (2) postoperative care, (3) planning and
executing patient discharge, and (4) the readmission itself.
We examine characteristics at these stages of care and
hypothesize that patient severity, emergent admission,1349
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with unplanned readmission. These results may allow us to
identify those vascular surgical patients at high risk for read-
mission who may beneﬁt from additional transitional care
planning.
We use data available through the electronic medical re-
cord of a large, tertiary care medical center to assess clinical
factors associated with unplanned readmission in a cohort
of patients who underwent a procedure by the vascular sur-
gery service. A more complete understanding of the inﬂu-
ences driving unplanned readmission rates in vascular
surgery patients will advise further efforts toward improving
quality of care. Speciﬁcally, we examine an institutional
database to identify sources of readmission for efﬁcient
use of resources in policy and protocol implementation.
METHODS
A retrospective review was performed for all procedures
by the vascular surgery service between July 2008 and
December 2012 at a tertiary care institution. Data collec-
tion was performed by the hospital Business Planning and
Analysis Ofﬁce. The study was approved by the hospital
Institutional Review Board.
Study population. All patients who underwent a pro-
cedure by the vascular surgery service were included. We
excluded patients who died during the primary hospitaliza-
tion, patients who were discharged against medical advice,
and patients who had scheduled readmissions, such as
planned wound closures and contralateral procedures,
#30 days of their ﬁrst procedure. Patients required a surgi-
cal procedure code with service performed by a vascular
surgeon for the primary admission.
Readmission was deﬁned as an unplanned inpatient
stay at the same institution #30 days of discharge from
the primary hospitalization. We deﬁned planned readmis-
sions similar to the deﬁnition used by CMS; “a non-acute
readmission for a scheduled procedure” that must not
include “a primary discharge diagnosis of readmission
that is acute or a complication of care” (CMS Planned
Readmission Algorithm Version 2.1, 2013).2 Readmissions
for observation status (<24-hour stay) were not included
as readmissions in this study because they were not
captured in the administrative data set. Multiple readmis-
sions #30 days by the same patient were only counted as
one early readmission event. An admission >30 days after
the primary hospitalization was counted as a new primary
admission.
Explanatory variables of interest included age, race
(white or nonwhite), sex, proximity to the primary hospital
(in-county or remote residence), insurance type (fee for
service, health maintenance organization, Medicare,
Medicaid, and other/self-pay), intensive care unit stay,
procedure category, length of stay (days), severity of illness
assessed by the 3M All Patient Reﬁned Diagnosis Related
Groups (APR DRG) classiﬁcation (3M Health Information
Systems, Wallingford, Conn), and discharge destination
(home, home with home health care, SNF, rehabilitation,
and other facility).The 3M APR DRG expands on the basic CMS DRG
categories by adding a subclass to account for differences
relating to severity of illness. The severity of illness subclass
divides patients into four subgroups: minor, moderate, ma-
jor, and extreme. The 3M APR DRG classiﬁcation is calcu-
lated from patient comorbidities and complicating
postoperative conditions and compiled using International
Classiﬁcation of Diseases-Ninth Revision codes for prin-
cipal diagnoses, secondary diagnoses, and procedure codes
as well as age, sex, and discharge disposition.9
Missing data. No missing data were present for the
analysis variables. The variable that ﬂagged readmission as
scheduled or unscheduled was missing in 24% of observa-
tions. To ensure that we included only unplanned readmis-
sions, we reviewed the principal diagnosis of the
readmission for all readmitted patients and excluded those
with planned procedures.
Statistical analysis. Analyses were performed using
STATA 10 software (StataCorp LP, College Station,
Tex). Percentages and medians with interquartile ranges
were used to summarize analysis variables. The Pearson
c2 test and Fisher exact test were used to characterize
the associations between unplanned readmission and ex-
planatory variables. Characteristics of unplanned readmis-
sions were also summarized, including the principal
diagnosis, length of stay, readmitting service, and discharge
destination.
Multivariable logistic regression was used to examine
predictors of unplanned readmission to the same institution
#30 days. The 3M severity measure is a composite mea-
sure that includes a number of other explanatory variables
of interest. Therefore, to avoid collinearity and adjusting
for the same factors more than once, we excluded severity
from the regression.
RESULTS
All patients. The database query identiﬁed 2505 pa-
tients undergoing vascular surgery interventions during
the study period (Table I). Although mortality and stroke
rate information were not available in this database, linked
institutional National Surgical Quality Improvement Pro-
gram data information provided a 30-day mortality rate of
3.5% and stroke rate of 1.3%. The overall 30-day read-
mission rate to the same institution was 11.9% (n ¼ 301).
Of the readmitted patients, 57 (19%) were planned and
244 (81%) were unplanned. The 30-day unplanned read-
mission rate to the same institution was 9.7% (n ¼ 244)
when excluding the 57 patients (2.2%) who had a planned
readmission. Patients were a median age of 66 years, 61%
were men, and 94.3% were white. Elective admissions
accounted for 63% of the patients undergoing procedures
(n ¼ 1578), whereas 37% of procedures occurred for in-
dividuals who were admitted urgently or emergently (n ¼
927).
Nine surgeons treated the 2505 patients. The range of
procedures performed by the individual surgeons was 116
to 584. Given faculty procedure specialization and care
for different patient populations, we adjusted for patient
Table I. Characteristics of 2505 patients undergoing vascular procedures, 2009 to 2013
Variable Median or No. (N ¼ 2505) (IQR) or %
Readmitted
PMedian (IQR) or %
Age, years 66 (18) 64 (17.5) vs 66 (18) NR .34
Sex
Female 984 39.3 9.6 .8
Male 1521 60.7 9.9
Race
White 2362 94.3 9.8 .93
Nonwhite 143 5.7 9.1
Proximity to hospital .02
In-county residence 715 28.5 12.0
Remote residence 1790 71.5 8.8
Illness severity score <.001
Low severity 461 18.4 4.3
Medium severity 903 36.0 7.5
High severity 762 30.4 12.7
Very high severity 379 15.1 15.6
Clinic follow-up <.001
Outpatient visit in 30 days 2048 81.8 10.7
No outpatient visit 457 18.2 5.5
Admission type <.001
Emergent 927 37.0 14.6
Elective 1578 63.0 6.9
Insurance .02
Medicare 1544 61.6 10.0
Medicaid 125 5.0 16.8
HMO 238 9.5 5.5
Fee for service 461 18.4 9.5
Other/self-pay 137 5.5 8.0
ICU status .02
No ICU stay 2434 97.2 9.5
ICU stay 71 2.8 18.3
Procedure type .02
Open 2116 84.5 10.3
Endovascular 389 15.5 6.4
Index LOS, days 5 (6) 7 (7) vs 4 (6) NRa <.001
Discharge destination <.001
Home 1440 57.5 6.7
Home with home health 498 19.9 10.8
SNF 333 13.3 16.2
Rehabilitation center 130 5.2 19.2
Other facility 104 4.2 14.4
30-day unplanned readmission 244 9.7 NA NA
HMO, Health maintenance organization; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; NA, not applicable; NR, not readmitted;
SNF, skilled nursing facility.
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sessed surgeon-speciﬁc readmission rates. With adjustment
for patient severity, physicians did not have signiﬁcantly
different readmission rates (P > .05).
Univariate analysis. Bivariable associations between
unplanned readmission and additional variables of interest
are also summarized in Table I. Demographic characteris-
tics are not associated with unplanned readmission. Pa-
tients who reside in the same county as the medical center
are more likely to be readmitted to the same institution
(P ¼ .02) compared with those who live in another county.
Patients with higher illness severity are readmitted more
frequently, with severe patients readmitted three times
more frequently than patients with low illness severity (P <
.001). Outpatient postoperative clinic visit #30 days isstrongly associated with unplanned readmission to the
same institution (10.7% vs 5.5% with no visit; P < .001).
Patients admitted urgently or emergently are more likely to
be readmitted at a rate of 14.6% compared with electively
admitted patients, who are readmitted 6.9% of the time
(P < .01). Any intensive care unit stay during the primary
hospitalization is also associated with readmission (P ¼
.02). Discharge destination is signiﬁcantly associated with
30-day readmission, with readmission from a rehabilitation
facility (19.2%) and SNF (16.2%) being markedly higher
than readmission after discharge to home without assis-
tance (6.7%; P < .001).
Procedure type is associated with the unplanned 30-day
readmission rate (Table II). Readmission is the highest
among patients undergoing lower extremity amputations,
Table II. Characteristics of the procedure by unplanned
readmission (n ¼ 2505)
Procedure
Procedure
volume,
No.
%
Readmitted
% of
Readmitted
patients
(n ¼ 244)
Abdominal 691 5.5 15.6
EVAR 196 5.1 4.1
Open AAA 279 5.0 5.7
Occlusive 184 6.0 4.5
Other abdominal 32 9.4 1.2
Head/neck 372 3.2 4.9
Carotid endarterectomy 328 3.0 4.1
Carotid stent 24 0.0 0.0
Other head/neck 20 10.0 0.8
Lower extremity 597 13.7 33.6
Endovascular 98 8.2 3.3
Open 499 14.8 30.3
Thoracic 127 7.1 3.7
TEVAR 78 6.4 2.0
TAA/TAAA 49 8.2 1.6
Upper extremity 82 7.3 2.5
Reconstruction 24 16.7 1.6
First rib 58 3.4 0.8
Wound debridement/
excision
101 14.9 6.1
Amputations 399 17.8 29.1
BKA 104 24.0 10.2
AKA 45 13.3 2.5
Foot 201 16.4 13.5
Other 49 14.3 2.9
Other procedures 136 8.1 4.5
Endovascular 18 11.1 0.8
Venous 15 13.3 0.8
Skin graft 21 4.8 0.4
Fasciotomy/
fasciectomy
40 10.0 1.6
Open 42 4.8 0.8
AAA, Abdominal aortic aneurysm; AKA, above-knee amputation; BKA,
below-knee amputation; EVAR, endovascular aneurysm repair; TAA,
thoracic aortic aneurysm; TAAA, thoracoabdominal aortic aneurysm;
TEVAR, thoracic endovascular aortic repair.
Table III. Characteristics of the 30-day readmission
(n ¼ 244)
Variable
No. or
median
% or
(IQR)
Readmitted to vascular service 147 60.2
Readmitted within ﬁrst 7days 69 28.3
Readmission LOS, days 5 (6)
Readmitting diagnosis
Wound infection or complication 90 36.9
Vascular complicationa 23 9.4
Gastrointestinal 19 7.8
Device or graft 15 6.1
Cardiac complication 13 5.3
Respiratory complication 13 5.3
Renal complication 12 4.9
Hematoma 11 4.5
Other 48 19.7
Discharge destination
Dead 9 3.7
Home 69 28.3
Home with home health 67 27.5
SNF 63 25.8
Rehabilitation facility 22 9.0
Other facility 14 5.7
IQR, Interquartile range; LOS, length of stay; SNF, skilled nursing facility.
aIschemic ulcer, rest pain, etc.
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(BKA), 16.4% for forefoot and distal amputations, and
13.3% for above-the-knee amputation (AKA). Patients un-
dergoing open lower extremity procedures are also readmit-
ted frequently (14.8%). Together, BKA amputations and
open revascularizations account for 34% of all patients
treated and 59.4% of readmissions during the study period.
Readmission data. Characteristics of 30-day, same
institution unplanned readmissions are presented in
Table III. Of these, 60.2% of patients are readmitted to the
vascular surgery service, withw40% returning to a different
hospital service. Within the ﬁrst week of discharge, 28.3%
of 30-day readmissions occur.
Wound complications (inclusive of surgical site infec-
tion, hematoma, seroma, and wound dehiscence) are the
most common readmitting diagnosis (37%), followed by
other vascular complications (9.4%). Surgical site infection
accounted for 20.1% of the readmissions. During this time
period, Surgical Care Improvement Project data wereassessed, and compliance with preoperative antibiotic use
by the vascular surgery service was 94.6%, similar to the
overall mean compliance rate of 94.5% reported to The
Joint Commission by hospitals nationwide. Medical com-
plications are responsible for 23% of readmissions (gastro-
intestinal, 7.8%; pulmonary, 5.3%; cardiac, 5.3%; and
renal, 4.9%). Mortality during the readmission is 3.7%.
Although 77.4% patients are discharged to home (with
and without home health care), they account for 55.8%
of total readmissions. Approximately 13% of patients are
discharged to SNFs but account for 25.8% of the total
readmissions. Rehabilitation centers account for 5.2% of to-
tal discharges; therefore, despite having the highest read-
mission rate (19.2%), they only account for 9% of total
readmissions.
Multivariable analysis. In multivariable analysis
(Table IV), odds of readmission are lower after elective
procedures than after emergent procedures (odds ratio
[OR], 0.72; 95% conﬁdence interval [CI], 0.53-0.99; P ¼
.04). Health maintenance organization insurance coverage
is also associated with a lower odds of readmission (OR,
0.43; 95% CI, 0.22-0.84; P ¼ .01). The odds of read-
mission increases 1.03 times (95% CI, 1.01-1.05; P ¼
.001) for each additional day of primary hospital stay. A
lower extremity amputation or open revascularization
leads to a 2.35 increased odds (95% CI, 1.71-3.23; P <
.001) of readmission compared with other vascular pro-
cedures. Discharge to SNF also remains signiﬁcant, with a
1.54 increased odds (95% CI, 1.00-2.37; P ¼ .05) of
readmission in adjusted analysis. Patients residing within
the county of the primary hospital are more likely to return
to that hospital when readmitted than patients residing
further from the primary hospital (OR, 1.71; 95%
Table IV. Multivariable analysis predicting unplanned
readmission (n ¼ 2505)
Variablea OR (95% CI) P
Age 0.99 (0.98-1.01) .40
Male 1.07 (0.81-1.42) .64
Nonwhite 0.71 (0.38-1.32) .28
In-county residence 1.71 (1.26-2.31) <.001
Elective admission 0.72 (0.53-0.99) .04
Insurance
HMO 0.43 (0.22-0.84) .01
Medicaid 1.32 (0.73-2.41) .36
Medicare 1.00 (0.66-1.51) .99
Other/self-pay 0.80 (0.39-1.66) .55
ICU stay 1.61 (0.82-3.14) .16
Index LOS 1.03 (1.01-1.05) <.001
Endovascular procedure 1.11 (0.69-1.79) .67
Lower extremity open or amputation 2.35 (1.71-3.23) <.001
Discharge destination
Home with home health 1.16 (0.80-1.69) .44
SNF 1.54 (1.00-2.37) .05
Rehabilitation facility 1.49 (0.87-2.55) .14
Other facility 1.13 (0.56-2.25) .74
C statistic .72
CI, Conﬁdence interval; HMO, health maintenance organization; ICU,
intensive care unit; LOS, length of stay; OR, odds ratio; SNF, skilled nursing
facility.
aReference categories: female, white, remote residence, low severity,
emergent admission, fee for service, insurance, no ICU, open procedure,
and discharged to home.
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formed without inclusion of the patient residence variable,
given concerns for collinearity, found that length of stay,
procedure type, and discharge destination remained
signiﬁcantly associated with rates of readmission (P < .05)
and that amputation or lower extremity intervention
approached signiﬁcance (P ¼ .06).
DISCUSSION
This study is the largest single-institution review of
readmission within a vascular surgery population. A broad
vascular surgery practice that includes all major open and
endovascular procedures is evaluated. With the high
burden of unplanned readmissions in vascular surgery and
policy changes that are likely to follow, it is imperative to
understand who is most likely to be readmitted and the
most common causes of readmission. The overall same-
hospital unplanned readmission rate of 9.7% in our sample
was similar to the 8.9% unplanned readmission rate in
another single-institution study.4
Wound complications (postoperative infections, infected
amputation stumps, and dehiscence) were the most com-
mon principal diagnosis for readmissions in this study sam-
ple. In the Project of Ex-Vivo Vein Graft Engineering via
Transfection III (PREVENT III) trial focusing on lower ex-
tremity intervention for critical limb ischemia, the overall
30-day readmission rate was 24.4%, and 39.8% of those
readmissions were because of wound infections.5 Similarly,
37% of readmissions in our broad sample of vascular proce-
dures were due to wound infections. Wound complicationrates for vascular procedures other than lower extremity in-
terventions are not insigniﬁcant; the most common reason
for readmission after open and endovascular abdominal
aortic aneurysm (AAA) repair is wound complication.3
Another study showed that the wound complication rates
of endovascular AAA repair are higher than those of open
AAA repair.6 It is unlikely that wound infections will
decrease with increasing use of endovascular therapy.
Efforts to reduce early postoperative wound complica-
tions are important for other areas of surgery. Surgical site
complications are fairly common after laparotomy, occurring
in23%of patients,10 and are evenhigher among elective colo-
rectal surgical patients.11 Another study found that the most
signiﬁcant independent risk factor for readmission with
wound complication was a postoperative inpatient wound
complication (OR, 4.20).12 Successful efforts at reducing
postoperative wound complications before discharge may
decrease readmission rates. However, it is also possible that
patients are being discharged without a wound complication
and then return with an infection. Interventions to reduce
surgical site infections initiated before or after discharge
may be necessary to reduce early readmission rates.
Patients undergoing amputations had the highest risk
of readmission (18%). Other data sets have identiﬁed
amputations as a signiﬁcant source of patient morbidity,
30-day mortality, and readmission. The Veterans Adminis-
tration NSQIP data reported 30-day mortality rates of
6.3% for BKA and 13.3% for AKA.13 Our overall amputa-
tion 30-day mortality rate, obtained by linking institutional
data to the NSQIP data set, is 8.9%. Although 30-day read-
mission was not measured in the VA NSQIP study, the
readmission rate was 70.6% during the median follow-up
time of 32.1 months.13 Another study found that initial
amputation often leads to subsequent revisions and conver-
sions to higher-level amputations. Speciﬁcally, 21.4% of pa-
tients require additional procedures after BKA, with 12.9%
undergoing conversion to AKA and 8.5% undergoing
contralateral amputations.14
Despite our use of various modalities to assess
the appropriate level of amputation, including ankle-
brachial indices, pulse volume recordings with trans-
cutaneous oxygenation, and imaging with computed
tomography angiography, magnetic resonance angiog-
raphy, duplex ultrasound, and angiography to assess
appropriate inﬂow for wound healing, rates of readmis-
sion for wound complications remain high. Speciﬁcally,
30.1% of readmissions in the amputation patients were
secondary to wound complications. Of those admitted
with wound complications, 92.0% underwent repeat in-
terventions. Existing literature and our rates of read-
mission with subsequent morbidity after amputation
suggest that this patient population requires considerable
resources, with further need for improved postoperative
management strategies.
Lower extremity procedures have demonstrated high
readmission rates,4 which we see in our analysis. When
high-risk surgical procedures were examined in the Medi-
care population, readmission after bypass occurred 19% of
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after cystectomy and cardiac valve replacement.15
In our experience, endovascular lower extremity proce-
dures are associated with a lower readmission rate. Another
study has suggested that endovascular procedures are not
protective from readmission. However, that study assessed
a unique subset of patients with critical limb ischemia un-
dergoing tibial interventions; these patients had a 30-day
readmission rate of 29.6%.16 The lower rate of readmission
in our analysis may be secondary to procedure indication;
we evaluated not only procedures for critical limb ischemia
but also for lifestyle-limiting claudication.
Readmission rates after endovascular interventions
compared with open revascularization procedures may
require further analysis. Overall, however, high readmission
rates after lower extremity revascularization procedures
demonstrated in this study agree with others’ ﬁndings
and demonstrate the need for additional postoperative
management strategies in this subgroup.
An association was seen between discharge destination
and early readmission. This is consistent with ﬁndings
from previous studies, which show an effect of increased
readmission after discharge to SNFs. Approximately
one-quarter of the overall Medicare patient population
discharged to SNFs is readmitted.17 In another study of pa-
tients undergoing AAA repair, the adjusted odds of read-
mission after discharge to a SNF was 2.5 times those
discharged to home.3 We can speculate that to reduce
readmissions, hospitals will need to better coordinate care
with SNFs. Transitional care models have been imple-
mented with integrated case management in the outpatient
setting after infrapopliteal bypass interventions, with a
reduction in hospital readmissions and costs.18 Coordina-
tion of care between hospitals and SNFs and rehabilitation
centers is necessary for all vascular patients, and evidence-
based protocols must be created to make this process
more efﬁcient.
Increasing inpatient days after a procedure were asso-
ciated with an increased readmission rate. Among patients
discharged after open and endovascular thoracic aneurysm
repair, early discharge was associated with lower read-
mission and mortality after adjusting for in-hospital com-
plications and patient comorbidities.7 Longer length of
stay was also a predictor of readmission after AAA repair3
and after a lower extremity intervention.19 Early discharge
pathways have been proven safe and cost-effective after
colectomy, coronary artery bypass surgery, and thoracic
aneurysm repair.7,20,21 We found that 28% of 30-day read-
missions occurred within the ﬁrst week of discharge.
Despite our ﬁnding of increased readmission rates with
increased length of stay, the high rate of early readmission
suggests the possibility of premature discharge or undiag-
nosed postoperative complications upon discharge. Further
cost-effectiveness and clinical outcomes analyses are
needed in this area for vascular surgery patients.
Most vascular surgery patients in our study were
insured by Medicare, and any penalty for readmission
would therefore signiﬁcantly affect the vascular service’spractice. Currently, Medicare has taken a leading role in
value-based care initiatives, such as accountable care orga-
nizations. A shift toward reimbursement that values quality
of care is occurring with other payers and requires that we
understand and then make efforts to improve outcomes
such as preventable readmissions.
Notably, we found that nearly 20% of all readmissions
to the same hospital within 30 days of a vascular procedure
were planned. Although we ultimately excluded these pa-
tients from analysis, this signiﬁcant percentage of planned
readmissions indicates that claims-based analyses of read-
missions that do not account for planned readmissions
may overestimate the incidence of unplanned and prevent-
able readmission in the vascular surgical population.
Rather, vascular surgery patients often have planned
wound closures and contralateral procedures soon after a
primary vascular intervention. This is relatively unique in
surgical practice and may account for the fact that readmis-
sions for vascular patients are highest among surgical spe-
cialties in the Medicare population. In addition, limb
salvage often results in subsequent reintervention or ampu-
tation #30 days (ie, a readmission), but a favorable
outcome for these patients makes a great difference in their
quality of life and their ability to independently perform ac-
tivities of daily living.
This study has some limitations. Possibly the clearest
limitation is the inability to capture readmissions to other
institutions using business planning and analysis data in a
retrospective manner. The overall readmission rate to any
institution is likely to be higher. Although Jackson et al4
found no vascular surgery readmission to alternate hospitals
in a small prospective portion of their study, a large data-
base study focused on a subset of vascular patients with
AAAs found that 35.7% of these patients were readmitted
to a different hospital.3 This discrepancy highlights the
need for further investigation into where and why patients
are being readmitted to facilities other than the institution
where primary procedures were performed, which is
beyond the scope of this study.
This study is observational, with the goal of gaining
insight to reduce readmissions at a large tertiary care institu-
tion. Using administrative databases limits the accessibility
to variables of possible interest; in this case, we do not
have access to patency rates for various types and indications
of lower extremity bypass procedures. Studying a single ac-
ademic medical center limits the generalizability of our re-
sults. However, our approach is instructive for other
vascular services seeking to identify speciﬁc areas and sub-
groups of patients where applied interventions may improve
quality of care.
CONCLUSIONS
Postoperative unplanned vascular readmissions are a
major burden to patients and health care systems. We
demonstrate a need for interventions to reduce wound
complications and to improve care as patients transition
from the inpatient to the outpatient setting. Patients iden-
tiﬁed at risk are those undergoing amputation and lower
JOURNAL OF VASCULAR SURGERY
Volume 59, Number 5 Engelbert et al 1355extremity revascularization and those in need of continued
higher level of care upon discharge. The primary care
setting, SNF staff training, and advances in technology all
offer options for improved surveillance. This study serves
as a guide for focusing interventions on vascular subgroups
at increased risk for unplanned early readmission.
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